Thermal decomposition behavior for ion-exchange resins in air flow was examined by differential thermobalance,
INTRODUCTION
It is significant to establish a volume reduction method and a safe method for storing radioactive wastes, in utilizing atomic energies. For the volume reduction of miscellaneous combustibles, incineration was chosen as the most effective method in Japan. However, radioactive organic compounds, such as ionexchange resins, are difficult to incinerate by existing facilities, because they generate tar and/or soot as well as corrosive gas, such as SO2.
The solidification of dehydrated resins has been tested using cement, bitumen or plastics as solidification agents. However, this method is not in practice, due to the lack of mechanical and chemical durabilities. II. EXPERIMENTAL
Specimen (Ion-exchange Resins)
The ion-exchange resins used in LWR power plants are both strongly acidic cation exchange resin and strongly basic anion exchange resin. In this experiment, DIAION SKN 1 (cation exchange resin) and DIAION SAN 1 (anion exchange resin) were used. Also, to simulate the ion-exchange resins, which have exchanged their counter ion with cation or anion, DIAION SK 1B (R-SO3Na form cation exchange resin) and DIAION SA 10A (R-CH2-N(CH3)3C1 form anion exchange resin) were used. The specifications for each resin are shown in Table 1 .
Thermal Decomposition Behavior
of Ion-exchange Resins The thermal decomposition behaviors of ion-exchange resins were studied by differential thermobalance, TGD-5000RH (Shinku Riko Co., Ltd.) in 200 ml.min-1 air flow, from room temperature to 1,000-C. The apparatus consisted of vertical electric furnace and alumina crucible. The weight change during thermal decomposition was measured by torsion ribbon micro-balance.
The differential temperatures were detected by Pt/Pt-13%Rh thermocouples, using a-Al2O3 as a reference material. Each 10.0 mg sample, placed in the crucible uniformly, was heated at a 10dc. min-1 rate.
3. Fluidized Bed Incinerator with Copper Oxide Catalyst Figure 1 depicts the incineration system used in this experiment.
The ion-exchange resins can be fed into the incinerator, by means of a screw feeder. The resins in the incinerator will be incinerated by fluidized bed combustion.
Any combustibles remaining in the off-gas can be incinerated by catalytic oxidation at the surface of copper oxide catalyst, which is installed at the freeboard. When the amount of combustibles in the offgas exceeds the catalyst capacity, the catalytic afterburner may be used as a secondary burner. Corrosive gas, such as SO2, in offgas can be reduced by contact with water or with an alkaline solution in a packed tower, prior to its release. Figure 2 presents an illustration of the fluidized bed incinerator.
In this experiment, the resins were continuously fed into the incinerator by screw feeder. The off-gas was monitored by the following apparatus :
(1) O2 monitoring ; Paramagnetic oxygen analyzer POT-101 (Shimadzu Corp.) (2) CO and CO2 monitoring ;
Non-dispersive infrared gas analyzer CGT-10-1A (Shimadzu Corp.) (3) SO2 monitoring ;
Non-dispersive infrared gas analyzer URA-107 (Shimadzu Corp.) Table 1 List of ion-exchange resins
The copper oxide catalyst to be installed at the freeboard was prepared by the following method. A No. 80-mesh copper net (500 mm x 1,000 mm) was placed on a No. 80-mesh stainless steel net (500 mmx1,000 mm), alternately. They were wound together to make a cylinder about 80 mm in diameter and 500 mm in length, as shown in the left-hand-side of Photo. 1. Then, it was completely oxidized in an air muffle furnace at 800dc, until a constant weight was reached (right-hand-side of Photo. 1).
III. RESULTS AND DISCUSSION

Thermal Decomposition Behavior
of Ion-exchange Resins The TG (thermogravimetry) and DTA (differential thermal analysis) curves for the ionexchange resins, presented in Table 1 , are shown in Figs. 3(a)~(d), respectively. The weight decrease for the resins can be observed in three steps. First, a large weight decrease, accompanied by endothermic reaction at about 90-C, was observed in any resin, and thus The second weight decrease of DIAION SKN 1 ( Fig. 3(a) ) was observed in a 2003 00dc temperature range. This can be considered as the decomposition of functional sulfonic acid group (-SO3H). Matsuda et al. (1)(2) have pyrolyzed cation exchange resin at 300-C. They detected the generation of SO2 in off-gas, by using gas chromatography. Also, by comparing the IR (infrared) spectra for the resin, before and after pyrolysis, they reported that five peaks of the functional sulfonic acid group had vanished after pyrolysis at 300dc.
The second weight decrease of DIAION SAN 1 (Fig. 3(c) ) was observed in a 1002 00dc temperature range. This can also be considered as the decomposition of functional group (-CH2-N(CH3)3OH). Matsuda et al. have also pyrolyzed anion exchange resin at 200dc. They have detected the methylamine generation by off-gas analysis.
On the other hand, the temperature ranges for the second weight decreases in DIAION SK 1B (Fig. 3(b) ) and DIAION SA 10A (Fig.  3(d) ) are both higher than those for DIAION SKN 1 or DIAION SAN 1, respectively, which can be considered as an influence of counter ions. Moreover, the formation of translucent melted residue (Na2SO4) was observed, after a decomposition test on DIAION SK 1B.
The final weight decrease, accompanied by exthothermic reaction, which can be observed in any resin, corresponds to the combustion of the base polymers. It was noted, however, that the time required for complete decomposition of cation exchange resins was much longer than that for anion exchange resins, Matsuda et al. reported that a part of functional sulfonic acid group would form sulfonyl bridges (-SO2-) between the base polymers at about 300dc. They concluded that, due to these sulfonyl bridges, the base polymers of cation exchange resins have become thermally more stable. Table 2 shows theoretical weight loss data for each ion-exchange resin. The values described in Table 2 fairly coincide with that for the experimental, except for DIAION SK 1B, 2. Minimum Fluidization Velocity Measurement Fluidization is an operations, by which fine solids are transformed into a fluidlike state, through contact with gas. Because of the following desirable characteristics of fluidized bed(3), it was chosen as an incinerator for ion-exchange resins in this experiment :
(1) The smooth, liquidlike flow of particles allows continuous automatically controlled operations with handling ease. (2) The rapid mixing of solids leads to nearly isothermal conditions throughout the reactor, hence the operation can be controlled simply, and with reliability. (3) Heat and mass transfer rates between gas and particles are high, when compared with other content modes. (4) It is suitable for large-scale operations.
In applying fluidized bed, it is important to realize the minimum fluidization velocity. At relatively low flow rates in a packed bed, the pressure drop is approximately proportional to gas velocity.
However, with gas velocities beyond minimum fluidization, the bed expands and rising gas bubbles are noticed. In spite of this rise in gas flow, the pressure drop remains practically unchanged. From this behavior for the fluidized bed, a pressure drop vs. velocity diagram can be used to roughly estimate the fluidization Photo.
1 Preparation of copper oxide catalyst From Fig. 4 , the minimum fluidization velocity of active alumina at room temperature (i.e. 21.5-C) can be obtained from the cross point between the curves, which is given as umf=5.63x 10-2 m • s-1. Also, from 
where g: Acceleration of gravity pp: Density of particle.
By rearranging Eq. ( 2 ), for minimum fluidization conditions, the following equation can be obtained ( 3 ) The superficial velocity at minimum fluidization conditions can be obtained by substituting 
Applying this relation, the following expression can be obtained for minimum fluidization conditions :
By using Eq. ( 7 ), the theoretical values of the minimum fluidization velocities can be Table 2 Theoretical  weight loss From these, the observed minimum fluidization velocities deviate slightly from the above calculated values. This can be attributed to the energy loss by collision and friction among particles, as well as between particles and the incinerator-wall-surface.
Copper Oxide Catalyst Effect
The copper oxide catalyst effect was tested by using a fluidized bed incinerator, shown in Fig. 2 . The fluidized bed and the catalyst temperatures were controlled at 750 and 650dc , respectively, and an air flow rate was maintained at 35 N1 min-1. The present objective is to treat ion-exchange resin, discharged from JMTR (Japan Material Testing Reactor), which is a mixture of cation and anion exchange resin. The mixing ratio of cation and anion exchange resin (i.e. DIAION SKN 1 and DIAION It is known that, to achieve smooth feeding by screw feeder, the resin should be dried to meet moisture content of less than 40 7.;-, ( Fig. 6)(6) . Hence, the moisture content of the resin was kept at about 11 "b. The concentration of SO2 in off-gas, induced from the incinerator outlet, is shown in Fig. 8 .
The feeding rate for Ca(OH)2 was twice and three times as much as the stoichiometric value. As shown in Fig. 8 , reduction in SO2
by adding Ca(OH)2 was proved to be effective.
However, excess Ca(OH)2 dispersion would occlude the pores of copper oxide catalyst or pipelines, and continuous feeding could not be achieved. Therefore, a substitution for the Ca(OH)2 additive should be considered.
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